Dimethyl fumarate (DMF) is a molecule derived from fumaric acid that is administered orally for the treatment of relapsing-remitting multiple sclerosis (MS). The mechanism of action of DMF comprises suppression of allergen-induced T-cell proliferation and modulation of the cytokine balance by suppressing only IFN- and not IL-5 [1-2], thus restoring the T H 1/T H 2 balance. It is also involved in interference with the intracellular redox balance and activation of nuclear (erythroidderived 2)-like 2 related factor-mediated antioxidative response pathways leading to additional cytoprotective effects, and it seems to exert a marked effect on mitochondria [1] [2][3].
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We present the case of a 46-year-old woman with relapsing-remitting MS who had received several treatment options. However, given that she was a frequent traveller, she switched to DMF, which is a convenient, practical, efficacious first-line treatment for MS. Several hours after intake of the first dose of 240 mg, she developed generalized confluent and intensely pruritic wheals without angioedema or other systemic symptoms. These were treated at the emergency department with intramuscular methylprednisolone (60 mg) and dexchlorpheniramine (5 mg). She denied having taken NSAIDs, infection, or other possible causes of urticaria and had never experienced urticaria during her lifetime. Following recently published indications [1] , we performed a skin prick test (SPT) with DMF at 7 µg/mL and intradermal tests with DMF at 0.7 µg/mL and 0.07 µg/mL. The results were negative. We also carried out a lymphocyte transformation test (LTT) using several concentrations: 70 µg/mL, 35 µg/mL, 15 µg/mL, 7 µg/mL, 5 µg/mL, 3.5 µg/mL, 1 µg/mL, 0.5 µg/ mL, 0.1 µg/mL, and 0.05 µg/mL. The results were positive. Phytohemagglutinin A (PHA) as a control mitogen LTT is considered weakly positive or doubtful if the stimulation index (SI) is between 2 and 3 and definitely positive if the SI is >3 proliferation and proinflammatory transcription factors, as well as secretion of asthma-relevant cytokines in primary human lung cells. In nickel-allergic patients, DMF has been shown to have a down regulatory effect on T H 1 T cells, whereas T H 2 cells were unaffected [1] . Moreover, sensitization DMF has been reported to lead to delayed-type contact dermatitis and contact urticaria to footwear, clothing, and furniture, where it is used as a mold growth inhibitor [9] .
DMF was approved as an oral drug in 2013, and, since then, only 1 case of immediate hypersensitivity has been reported [1] . The patient was a 57-year-old woman with MS treated with oral DMF who reported immediate (within minutes) hypersensitivity symptoms, namely, rapid onset of urticaria with confluent wheals and itching 2 days after reaching the twice-daily dose of 240 mg. The patient was successfully desensitized. The DMF maintenance dose is usually reached incrementally, the target dose being 240 mg twice a day. The authors left a 7-day washout period and advised the patient to resume DMF (240 mg daily). The patient had an immediate generalized urticarial reaction within a few minutes, suggesting a causative role for DMF, as the authors stated. Subsequent SPT with DMF was negative. LTT with various DMF concentrations was also negative. The authors reached the diagnosis based on the clinical features of the case (time of onset, morphology of the lesions, rapid response to antihistamines). A 40-day stepwise desensitization schedule was successfully completed.
Expression of CXCL10 in serum and/or tissue is increased in organ-specific autoimmune diseases, such as autoimmune thyroiditis, Graves disease, type 1 diabetes, and/or systemic rheumatologic disorders (eg, rheumatoid arthritis, systemic lupus erythematosus, systemic sclerosis, mixed cryoglobulinemia), thus underlining the importance of a common immunopathogenesis characterized by a T H 1prevalent autoimmune response [7] . In the present case, the patient seems to have developed a T lymphocyte-specific response to DMF, which may indicate sensitization to DMF as a possible explanation for her delayed generalized urticaria. We hypothesize that patients with other autoimmune disorders may have an impaired T H 1/T H 2 balance, thus rendering them more prone to adverse drug reactions.
Given that DMF is used as an antifungal agent in shoes and other leather goods, we hypothesize that the patient may have been previously subclinically sensitized to DMF. The symptoms then appeared after ingestion of oral DMF.
We report the first case of delayed hypersensitivity reaction to DMF diagnosed based on clinical findings and LTT results. LTT was useful in identifying the drug responsible for the reaction, namely DMF. Therefore, LTT should be taken into account for assessment of unexpected reactions caused by lymphocytes.
Funding
This study was partially supported by a grant awarded to TB from Comunidad de Madrid S2010/BMD-2502 MITIC Research grant FIS PI13/01768, Instituto de Salud Carlos III -Ministerio de Economía y Competitividad (cofunded by FEDER). (Table) [4, 5] . Moreover, and for the sake of clarity, we also performed LTT on a patient who had tolerated DMF adequately for over 4 months. The results were clearly negative, with slightly positive proliferation at low concentrations of 0.5 µg/mL and 1 µg/mL (all concentrations showed an SI <3). Although it would be desirable to study the T-cell response in additional tolerant donors, the weak response in the exposed tolerant donor may reflect the subclinical immune response often detected in patients receiving treatment with various medications [6] . However, and although the slight positivity of the control might indicate a specific reaction, it does not exceed an SI of 3, which is diagnostic in this case.
Interestingly, the LTT was not impaired in the sample of the patient at the different concentrations administered (Table) . We believe this result is valid, since the control did not show any significant change at the same DMF concentrations. The mechanism of action of DMF is not completely known. Therefore, although impairment of the in vitro technique is plausible, it is not relevant in the case we report, as can be seen in the results obtained for both the patient and the control.
Additional cell and cytokine data would strengthen the case report; however, the patient migrated to another country, and no further studies could be performed.
Considering that the patient had previously tolerated alternative treatments for MS, she was advised to use subcutaneous glatiramer acetate instead of DMF. Since the clinical response was good, with no significant adverse effects, we did not prescribe desensitization to DMF. Of note, the patient had previously been diagnosed with autoimmune thyroiditis. It seems that the prevalence of other autoimmune disorders is greater in patients with autoimmune thyroiditis, as reported elsewhere [7] .
Interestingly, DMF has also been anecdotally reported to relieve asthma symptoms in patients with asthma and psoriasis [8] . In experimental studies, DMF inhibited Gadolinium-based contrast agents (GBCAs) have paramagnetic properties that are used to enhance the diagnostic value of MRI studies. Iodinated contrast media were introduced in the 1920s; however, gadolinium-based contrast agents were first approved for use by the United States Food and Drug Administration (FDA) in 1988 [1] .
A 36-year-old white woman presented with sudden onset of dyspnea and reduced consciousness shortly after the application of paramagnetic contrast media (product unknown) during a cerebral MRI in summer 2007. Her condition improved rapidly after treatment with antihistamines, corticosteroids, and intravenous hydration. She has not undergone MRI since then. The patient had been diagnosed with ulcerative colitis and nonallergic asthma. In the following years, she developed Behçet disease and bronchiectasis. She changed physicians several times, with loss of her documentation. In summer 2017, an allergy work-up was performed without documentation to assess the reaction she experienced in 2007. At that time, her Behçet disease and ulcerative colitis were in remission under treatment with colchicine and azathioprine, and her asthma was controlled with budesonide and formoterol.
Ten years after reacting to paramagnetic contrast media, the patient was found to have positive results in skin prick tests (SPT, 1:1) ( Figure) and intradermal tests (IDT, 1:100) with gadobutrol (Gadovist) and gadoterate meglumine (Artirem, Dotarem) and negative intradermal test results (IDT, 1:10) with gadobenate dimeglumine (Multihance) and gadopentetate dimeglumine (Magnograf).
SPTs (1:1) and IDTs (1:10) for iodinated contrast media (ioxithalamate, ioxaglate, iohexol, iomeprol, iobitridol, iopromide, iodixanol) were all negative. The basal tryptase level was in the normal range (3.4 μg/L, N<11; Thermo Fisher). There were no other signs of cutaneous or systemic mastocytosis. Prick tests for atopy were negative with inhalant allergens. Based on the skin test results, hypersensitivity to macrocyclic GBCAs was suspected.
GBCAs have been used in more than 100 million patients worldwide [1] . Immediate hypersensitivity reactions to GBCAs Manuscript received November 26, 2017; accepted for publication February 13, 2018.
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